INTRODUCTION
============

Primary Sjogren syndrome (pSS), systemic lupus erythematosus (SLE), systemic sclerosis (SSc), and primary biliary cirrhosis (PBC) are common systemic or organ-specific autoimmune diseases. Autoimmune diseases usually develop when the balance between pathogen recogniton and avoidance of self-attack is impaired, especially to environmental triggering of genetically susceptible individuals.^[@R1]^

Various autoantibodies have been detected in the serum of these patients, and most of the autoantibodies are immunoglobulin G (IgG). There are 4 distinct subclasses of IgG termed IgG1, IgG2, IgG3, and IgG4. The 4 IgG subclasses show considerable differences in their bioactivities, including the ability to fix complements (IgG3 \> IgG1 \> IgG2 \> IgG4) and to bind to Fc receptors.^[@R2]^ It has also been reported that 50% of IgG4 "halves" can disassociate and reassociate with other IgG4 antibodies, which makes them incapable of cross-linking antigens, thereby down-modulating the immune response.^[@R3],[@R4]^ These IgG subclasses could contribute to the immunopathogenesis of autoimmune diseases by regulating immunoglobulin, Fc~γ~R, and complement interactions.^[@R5],[@R6]^

Significant attention has been foucused on detecting serum IgG subclasses since IgG4-related disease (IgG4-RD) was classified in 2010 as a novel disease entity.^[@R7]^ IgG4-RD is considered to be a systemic, chronic, and inflammatory disorder. IgG4-RD has the following features in common: diffuse organ swelling or focal mass formation with fibrosis, IgG4-positive plasma cell infiltrates in involved tissues, and elevated levels of serum IgG4.^[@R7]^ Currently, one of the diagnostic criteria of IgG4-RD is serum IgG4 \>135 mg/dL.^[@R8]^ However, some studies have indicated that this criterion was not specific because other clinical situations, including some autoimmune diseases, were also associated with increased serum IgG4 levels.^[@R9]--[@R11]^

Few studies have systemically analyzed serum IgG subclass levels in conventional autoimmune diseases and limited data are available about IgG4 levels in large patient cohorts for diseases other than IgG4-RD.^[@R12]--[@R14]^ To better understand autoimmune diseases, this study characterized the levels of these serum IgG subclasses in 4 common autoimmune diseases and investigated whether serum IgG4 levels were elevated or not.

MATERIALS AND METHODS
=====================

Subjects
--------

A total of 102 pSS, 102 SSc, 100 SLE, and 59 PBC patients were randomly selected from our clinical information library at the Department of Rheumatology, Peking Union Medical College Hospital (PUMCH), China; all patients were presented at PUMCH between October 2009 and March 2012. An additional 40 healthy individuals were randomly selected from the Center of Health Examination, PUMCH, who presented between February 2012 and March 2012. The study was approved by the Ethical Committee of PUMCH and written informed consent was obtained from each participant.

A total of 102 pSS patients (96 females, 6 males) fulfilled the classification criteria for pSS that was proposed by the American-European Consensus Group^[@R15]^; patients ranged in age from 15 to 73 years and the mean age was 44.7 ± 12.1 years. There were 102 SSc patients (93 females, 9 males) who fulfilled the scleroderma criteria of the American Rheumatism Association Diagnostic and Therapeutic Criteria Committee^[@R16]^; patients ranged in age from 16 to 76 years and the mean age was 44.3 ± 12.0 years. A total of 100 SLE patients (92 females, 8 males) fulfilled the 1997 American College of Rheumatology revised criteria for SLE^[@R17]^; patients ranged in age from 15 to 69 years and the mean age was 30.7 ± 13.0 years. Finally, 59 PBC patients (57 females, 2 males) fulfilled the 2009 AASLD revised criteria for PBC^[@R18]^; patients ranged in age from 20 to 71 years and the mean age was 47.1 ± 9.0 years. Patients affected by another autoimmune disease were not included.

For the healthy controls (HCs) group, 40 healthy individuals (37 females, 3 males) who ranged in age from 24 to 60 years were selected and the mean age was 30.6 ± 8.5 years. There were no significant differences in sex or age between the patients and HCs. The laboratory test results of HCs were in the normal range, and there was no history of any specific allergic or autoimmune diseases in the healthy individuals.

Measurements of Serum IgG Subclass Concentrations
-------------------------------------------------

Sera from patients and HCs were collected and stored at −80°C before testing. Serum IgG subclass levels were measured using the immunonephelometric assay^[@R19],[@R20]^ with molecular biology kits (Siemens, Germany, including N Latex IgG1, N Latex IgG2, N Latex IgG3, N Latex IgG4 and N Supplementary Reagent/Precipitation) and the automatic protein analyzer (Siemens BN prospec-I, Germany) according to the manufacturer\'s instructions. Serum IgG levels represent the sum of IgG1, IgG2, IgG3, and IgG4.

Statistical Analysis
--------------------

Data are presented as means ± standard deviation (SD). Differences between groups were compared by nonparametric Mann--Whitney *U* test or Student *t* test. Ratios between 2 groups were calculated by Fisher exact probabilities in 4-fold tables. A *P* value \<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS v.19.0 statistical package (SPSS, Chicago, IL) and GraphPad Prism version 6.0 (GraphPad, San Diego, CA).

RESULTS
=======

Serum IgG Subclass Levels and IgG 1--4/IgG Ratios Between Patients and HCs
--------------------------------------------------------------------------

Compared with HCs, serum IgG1 (IgG1/IgG) and/or IgG3 (IgG3/IgG) were significantly increased in the pSS, SSc, SLE, and PBC groups. Serum IgG2 (IgG2/IgG) were much lower in pSS, SSc, and SLE patients, whereas serum IgG2 (IgG2/IgG) were slightly higher in PBC patients, although there was no significant difference between PBC patients and HCs. Serum IgG4 and/or IgG4/IgG were significantly reduced in pSS, SSc, and PBC patients, whereas no significant difference in IgG4 (IgG4/IgG) between SLE patients and HCs was detected (Table [1](#T1){ref-type="table"}, Figure [1](#F1){ref-type="fig"} and Figure [2](#F2){ref-type="fig"}).
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Additionally, serum IgG levels were significantly higher in pSS and PBC patients than those in HCs (Table [1](#T1){ref-type="table"}, Figure [1](#F1){ref-type="fig"}).

Serum IgG Subclass Levels Among Patients With Different Autoimmune Diseases
---------------------------------------------------------------------------

Serum IgG1 levels in pSS patients were 1402.83 ± 554.69 mg/dL, which were significantly increased compared with those in SSc (923.67 ± 325.86 mg/dL, *P* \< 0.001), SLE (950.68 ± 561.06 mg/dL, *P* \< 0.001), and PBC (880.46 ± 370.64 mg/dL, *P* \< 0.001) patients (Table [1](#T1){ref-type="table"}, Figure [3](#F3){ref-type="fig"}A).
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Serum IgG2 levels in PBC patients were 607.39 ± 255.17 mg/dL, which were significantly higher compared with those in pSS (391.55 ± 174.09 mg/dL, *P* \< 0.001), SSc (411.76 ± 166.84 mg/dL, *P* \< 0.001), and SLE (409.76 ± 203.92 mg/dL, *P* \< 0.001) patients (Table [1](#T1){ref-type="table"}, Figure [3](#F3){ref-type="fig"}B).

Levels of serum IgG3 in PBC patients were 100.81 ± 82.63 mg/dL, which were much higher compared with those in pSS (56.16 ± 37.02 mg/dL, *P* \< 0.001), SSc (70.37 ± 50.96 mg/dL, *P* = 0.012), and SLE (53.64 ± 46.09 mg/dL, *P* \< 0.001) patients. Furthermore, serum IgG3 in SSc patients were much higher than those in pSS or SLE patients (*P* = 0.024 and *P* = 0.015, respectively), but were significantly lower than those in PBC patients (Table [1](#T1){ref-type="table"}, Figure [3](#F3){ref-type="fig"}C).

There were no significant differences in serum IgG4 levels among the pSS (40.89 ± 50.40 mg/dL), SSc (46.18 ± 51.81 mg/dL), SLE (57.68 ± 67.98 mg/dL), and PBC patients (57.68 ± 67.98 mg/dL) (pSS vs SSC: *P* = 0.398, pSS vs SLE: *P* = 0.162, pSS vs PBC: *P* = 0.274, SSc vs SLE: *P* = 0.572, SSc vs PBC: *P* = 0.719, and SLE vs PBC: *P* = 0.643; Table [1](#T1){ref-type="table"}, Figure [3](#F3){ref-type="fig"}D).

The Frequency of Elevated Serum IgG4 levels in Patients and HCs
---------------------------------------------------------------

Serum IgG4 \>135 mg/dL is considered to be one of the diagnostic criteria for IgG4-RD.^[@R21]^ We calculated the numbers and frequency of patients and HCs whose serum IgG4 levels were \>135 mg/dL. There were only 23 (6.34%) patients with elevated serum IgG4 levels among the 363 patients who suffered from these autoimmune diseases. We detected no significant difference in the frequency of elevated serum IgG4 levels between patients and HCs (Table [2](#T2){ref-type="table"}).
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DISCUSSION
==========

SLE, pSS, SSc, and PBC are relatively common autoimmune diseases. As an integral component of the adaptive immune response, IgG can drive the pathogenesis of these disorders.^[@R22]^ These 4 IgG subclasses have different physical and biological properties, and could play an important role in the development of autoimmune disorders.^[@R3]^

Previous studies of the IgG subclasses focused on identifying specific antibodies for particular antigens in autoimmune diseases, such as IgG subclasses of anti-mitochondrial antibodies in PBC or anti-cyclic citrullinated peptide/mutated citrullinated vimentin antibodies in rheumatoid arthritis,^[@R23],[@R24]^ or instead focused on IgG subclasses deposited in the skin or kidney.^[@R25],[@R26]^ Moreover, the assays used to measure serum IgG subclasses were radioimmunodiffusion or enzyme-linked immunosorbent assay. They are not very accurate or convenient compared with the immunonephelometric assay.^[@R20]^

Overall, the serum IgG subclass distribution in autoimmune diseases remains somewhat unclear. In this cross-sectional study, we chose 4 conventional autoimmune diseases in which to analyze the serum IgG subclass levels. Our findings suggested that serum IgG subclass levels in these autoimmune diseases were selectively increased or decreased and we identified distinct characteristics in each autoimmune disease group. Only 6.34% of patients with autoimmune diseases exhibited serum IgG4 \>135 mg/dL, which was not significantly different from HCs.

This preliminary study showed that serum IgG1 (IgG1/IgG) and/or IgG3 (IgG3/IgG) were much higher in these autoimmune diseases. Serum IgG2 (IgG2/IgG) levels were significantly lower in pSS, SLE, and SSc patients than those in HCs. Generally, most autoantigens are protein antigens (T cell-dependent antigens) that can stimulate the production of IgG1-autoantibodies or IgG3-autoantibodies, and a few autoantibodies are carbohydrate antigens (T cell-independent antigens) that can stimulate IgG2-antoantibodies.^[@R27]^ Our findings were different from previous studies. Liu et al and Lin et al^[@R13],[@R14]^ reported that significant increases in serum IgG1, IgG2, and IgG3 levels were observed in pSS and SLE patients compared with normal controls. This might be explained by differences in patient selection and further research will be needed to resolve these discrepancies.

Our data also suggested that the serum IgG1 (IgG1/IgG) and/or IgG3 (IgG3/IgG) were significantly higher in these patients than those in healthy individuals, even though their IgG levels were in a normal range (data not shown). This finding indicated that serum IgG subclasses were preferentially produced during the pathogenesis of these autoimmune diseases. Therefore, we speculated affected individuals not only lost tolerance to autoantigens, but also exhibited aberrant immune regulation. Kawasaki et al^[@R28]^ found that there was T[h]{.smallcaps}1/T[h]{.smallcaps}2 cell skewing in patients with autoimmune diseases. T[h]{.smallcaps}1/T[h]{.smallcaps}2 cells can stimulate different IgG subclass synthesis and suppress other IgG subclasses by the secretion of different cytokines. T[h]{.smallcaps}1 cell subset is characterized by the production of interferon-γ, interleukin (IL)-2, and tumor necrosis factor (TNF)-α. T[h]{.smallcaps}1 cell responses induce macrophage and cytotoxic T cell activation, as well as IgG subclass switching, predominantly IgG1 and IgG3, to favor complement fixation and opsonization. Conversely, T[h]{.smallcaps}2 cells, defined by their propensity to secrete IL-4, IL-5, and IL-10, are important in allergy and mast cell/IgE-mediated immediate-type hypersensitivity responses.

Autoimmune disease can result in the production of various polyclonal autoantibodies. In this study, we found that serum IgG1 levels of pSS patients were much higher than those in the other three diseases groups. Serum IgG2 and IgG3 levels of PBC patients were prominently increased compared with those in the other diseases groups. This finding might indicate that serum IgG subclass distribution in each autoimmune disease has unique characteristics, and elucidating these characteristics could yield a better understanding of their pathogenic roles of IgG in disease development. Erikkson et al and Kang et al^[@R29],[@R30]^ reported that the main autoantibodies of Ro/La antigen were IgG1 in pSS. IgG1 secretion might be regulated by some cytokines, such as IL-18 and IL-21, and this immune disorder can mediate exocrine gland injury. Rigopolou et al^[@R31]^ reported that IgG3 were the main antibodies to mitochondria in PBC. PBC patients with specific anti-nuclear antibody staining patterns, including membranous or multiple nuclear dots (in particular of the IgG3 type), are associated with a more severe disease course.^[@R32]^ Hence, serum IgG3 might contribute to the development of PBC. We only studied the serum IgG subclass distribution characteristics among common systemic or organ-specific autoimmune diseases in this report, and in the future, we aim to understand the correlation between serum IgG subclasses and clinical manifestations in each autoimmune disease.

Increasing attentions have been given to studies of serum IgG4 concentrations since IgG4-RD was established as a clinical entity across a wide range of organ systems.^[@R7]^ These diseases share a set of consistent pathological features including a dense lymphocyte and plasma cell infiltrate that is rich in IgG4-positive plasma cells, storiform fibrosis and elevated serum IgG4 concentrations.^[@R21]^ Some conventional autoimmune diseases share several similarities with IgG4-RD. For example, lacrimal and salivary damage can occur in both pSS and Mikulicz disease (MD) patients, and MD was formerly considered to be a subtype of pSS.^[@R33]^ Interestingly, SSc and PBC are also characterized by fibrosis and lymphoplasmacytic infiltrates.^[@R34],[@R35]^ There are also various autoantibodies and multi-organ damages in SLE. Yamamoto et al^[@R9]^ indicated that elevated IgG4 could be observed in several clinical situations other than IgG4-RD. Ebbo et al^[@R10]^ reported that 13.6% of patients who suffered from autoimmune diseases were among those patients whose serum IgG4 levels were above the cutoff value of 135 mg/dL. Herein, serum IgG4 (IgG4/IgG) levels were prominently reduced or not significantly different in patients with autoimmune diseases compared with those in healthy individuals. Only 6.34% of patients had elevated serum IgG4 levels (\>135 mg/dL), which was much lower than the results of previous studies. Mavragani et al^[@R36]^ recently reported that raised serum IgG4 levels were detected in 7.5% of pSS patients and they fulfilled the criteria of possible or definite IgG4-RD. However, only 2.94% of pSS patients showed elevated serum IgG4 levels in our study and they did not have a tendency to IgG4-RD. As this was a cross-sectional study, we should follow-up these patients with elevated IgG4 to observe their clinical manifestations and serum IgG subclass levels.

Our preliminary findings suggested that serum IgG4 levels in pSS, SSc, SLE, and PBC were different from those in IgG4-RD. These data might be used in differential diagnosis, although they share some similarities in underlying pathogenic processes. Additionally, we considered that not only serum IgG4, but also other IgG subclasses should be considered in the differential diagnosis between common autoimmune diseases and IgG4-RD.

CONCLUSIONS
===========

Serum IgG subclass distribution in patients with autoimmune diseases was different from that in healthy people. Serum IgG subclass levels presented distinct patterns in different autoimmune diseases. Levels of serum IgG4 in these autoimmune diseases were lower or not much higher than those in healthy individuals, which was different from IgG4-RD cases. Further studies of serum IgG subclass distribution will help to elucidate the immunopathogenesis of autoimmune diseases.

Abbreviations: AMA = anti-mitochondrial antibodies, HC = healthy controls, IgG = immunoglobulin G, IgG4-RD = IgG4-related disease, IL = interleukin, MD = Mikulicz\'s disease, PBC = primary biliary cirrhosis, pSS = primary Sjogren syndrome, SLE = systemic lupus erythematosus, SSc = systemic sclerosis, TNF = tumor necrosis factor.
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